The fly Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) is an endemic pest, native to Southern Asia which has recently invaded western countries. Since its detection in 2008 in California and Spain, it is now established in North America and in many European countries. OBJECTIVE: This paper aims to evaluate the pest's economic impact on the soft fruit industry in the Province of Trento, a region in the North East of Italy, which is one of the most productive soft fruit areas in Europe. METHODS: The evaluation takes into account both the growers' potential revenue losses and the costs of pest control and uses a partial budgeting approach. Two scenarios are evaluated: the one before and the one after the implementation of an integrated control strategy for D. suzukii. RESULTS: Before the adoption of an integrated pest control strategy, the estimated revenue losses amounted to about 13% of the industry's output. After the implementation of an integrated strategy this loss decreased to about 7% of the industry's output. CONCLUSIONS: The adopted strategy seems effective in mitigating the pest's economic impact. The knowledge about D. suzukii's impact and its management would benefit from further analysis encompassing a larger geographical scope and longer time series.
Introduction
The Drosophila suzukii fly (Matsumura) (Diptera: Drosophilidae) is an endemic pest to South Asia which has recently settled in western countries. Since its detection in 2008 in California [1] and Spain [2] , it has become established in North America and in many European countries. Differently from most other Drosophila, D. suzukii lays eggs and feeds on unblemished ripening fruit of many plant species. Due also to the pest's ability to adapt to a wide range of climatic conditions, its high dispersal potential and rapid reproduction [3, 4] , it poses a real threat for the fruit industries in the newly invaded countries.
Over time the species has demonstrated remarkable expansion trends. A wide range of crops have been affected and extensive damage has been recorded on berries and cherries in particular [3, 5] . These trends have driven specific research projects on pest biology and control [cfr 3, 6] , as well as instigating a comprehensive Pest Risk Analysis (PRA) performed by an Expert Working Group from the European and Mediterranean Plant Protection Organisation (EPPO) [7] .
The International Standards for Phytosanitary Measures No 5, ISPM 5, define the risk as the "probability of introduction and spread of a pest and the magnitude of the associated potential economic consequences" for quarantine pests, or the "probability that a pest in plants for planting affects the intended use of those plants with an economically unacceptable impact " for non-quarantine pests [8, p17] . A PRA thus has to include an evaluation of the potential economic impact of the pest's invasion.
Concerning the assessment of the potential economic consequences of pest introduction, ISPM 5 state that "if a quantitative measure is not feasible, then this part of the assessment should include at least a qualitative analysis" [8, p28] . In fact the qualitative analysis is the default method for assessing the economic impact in a PRA: in the decision support scheme for PRAs adopted by EPPO [9] , as well as in similar schemes used in other parts of the world [10] , the potential economic impact is evaluated according to predefined ordinal scales. The assessment of potential economic consequences resulting from this approach, such as the PRA for D. suzukii [7] , consists thus of broad qualitative statements (e.g. "massive" negative effects on crop yield and/or quality, "moderate" increase in production costs, etc.), without any quantification of the impact.
As is argued by Soliman et al. [10, 11] , methods based on expert judgements are inexpensive and make efficient use of expert knowledge, but they have relevant limits in terms of transparency and repeatability, since the assumptions underlying the assessments are usually implicit and expert-specific. Quantitative assessments require additional work and resources, but the assumptions underlying the evaluations have to be made explicit. Moreover, quantifying the economic impact of a pest may involve measuring the effectiveness of possible management strategies and assess whether a pest management program is economically viable or not.
This paper aims to evaluate the D. suzukii's economic impact on the berry industry in one of the most important production areas in Europe: the Province of Trento, or Trentino as it is commonly known, in the North East of Italy. Attempts to quantify the pest's economic impact are relatively scarce at the present time, and have been, until now, focused on the USA [1, 12] , despite various swarms of pests detected in Europe. A first estimate in the Trentino area, carried out according to 2011 data [13] , took into account only the producers' revenue losses. As control approaches were still being researched, no information was provided on the cost of limiting the damage caused by the pest infestation. With improved knowledge developed over time about the pest's ecology and control, an integrated pest management strategy has been created, based on mass trapping, field sanitation and insecticide applications [14] . Its implementation on an area-wide scale started in 2012. Thanks to the data recorded since this time, it is now possible to allow for both the growers' potential revenue losses and the pest control costs in two scenarios: pre-and postimplementation of an integrated control strategy for D. suzukii.
Material and methods
The increasing amount of scientific literature considering economic analyses of alien invasive species [cfr [15] [16] [17] [18] offers a range of methodological tools that can be used for the evaluation of D. suzukii's impact. To keep to the framework presented by Born et al. [17] , at least three methodological issues should be heeded in the economic analysis of alien invasive species: the field of application of the analysis, the range of impacts to be considered and the data used. The analytical approach adopted in this analysis will conform to these considerations.
Field of application
The study looks at the four host crops mostly affected by D. suzukii in the Province of Trento [13] : strawberries, raspberries, blackberries and blueberries. As an ex ante reference, i.e. the revenue generated by the industry in standard conditions, we considered the average output of the period 2007-09, namely the years prior to the detection of considerable damage to cultivated berries in the area and its economic impact [19] . This output was estimated according to the average prices of the last 3-year period: 2011-2013. Accordingly, the potential revenue of the soft fruit industry in Trentino can be calculated at around 22.5 MEUR (Table 1) , almost half of which is due to strawberries.
In relation to the field of application, Born et al. [17] distinguish between evaluation studies aimed at raising general awareness through the assessment of overall damages and studies that can contribute to the decision making process regarding appropriate control strategies. Our analysis compares the economic impact pre-and post-implementation of a pest management strategy, thus it can serve as a basis for the ex post appraisal of the adopted strategy. This case history may also be useful for areas where a pest invasion is in an earlier phase.
Range of impact
According to the distinction widely accepted in scientific literature [10, 11, 17, 20] as well as in policy documents [8, 21] , the impact of invasive pests may be direct or indirect. The direct impact reflects the immediate, host-specific effects on the production process, such as yield losses and additional production costs. The indirect impact is that generated downstream to the production process, or those effects that are (in a sense) non-host specific. The indirect impact includes general market effects like price changes and shifts in consumer demands, market access problems caused by export restrictions and the social impact, for example, the consequences on tourism and the environment such as a possible loss of biodiversity.
In the PRA for D. suzukii [7] the impact on crop yield and/or quality or on control cost was assigned the maximum score (e.g. "massive"), while the items demonstrating indirect market effects were given an intermediate score (e.g. "moderate" and "moderately likely", but with an high degree of uncertainty). The items showing environmental and social effects were allocated the lowest scores (e.g. "minor" and "minimal" respectively).
Our analysis is focused on the direct impact of D. suzukii, i.e. the specific effects on the host crops in terms of yield losses and associated control costs.
The indirect market effects generated by pest infestations may be twofold for producers: on one hand, key export countries could impose trade restrictions so that growers would either lose access to these markets or have to implement costly phytosanitary measures. On the other hand, the decrease in production caused by the pest could induce a price increase. The net effect of these considerations depends, among other things, on the relevance of exports: the more a productive system relies on exports, the more likely the net effect would be significantly negative. From this point of view, Italy is a net berry importer and the produce from the Province of Trento is sold predominantly (ca 95% according to estimates) on the domestic market. All this considered, we choose not to take indirect trade effects into consideration, assuming in our case study a null or negligible net effect of both possible export restrictions and price increase.
In their analysis of the D. suzukii's impact on the California strawberry and raspberry industry, Goodhue et al. [12] calculated a positive price response to the yield losses, but they did not allow for any negative effect on the export market. This methodological choice may have led to an underestimation of the actual impact of the pest. Nonetheless its justification is well founded: large-scale export restrictions may be unlikely "since the majority of importing countries already have D. suzukii populations" [12, p.1402].
Type of data
Born et al. [17] underline that economic evaluation is conducted either to provide advice on a business level or to supply information to society as a whole. In order to assess social concerns, a broader level of assessment than mere business analysis would be needed. However, coherently with the results of the PRA for D. suzukii [7] , this study aims to assess the pest's potential impact on the berry industry, and not on society as a whole. Accordingly, business data is used.
As mentioned before, our study focuses on the assessment of direct impact, i.e. the potential damage caused by the pest's infestation and its management costs. The quantification of potential economic loss is based on the percentage of infected samples resulting from the grading process in a marketing co-op between 2011 and 2013. Evaluation of the pest management costs is carried out by considering the material (insecticides, food baits, etc.), the machinery and the labour costs incurred.
As recommended by Hallam et al. [22] , defined market input costs are used whenever possible. Therefore the costs of material are valued at market prices, while for labour costs, the wages established in the collective agreement for agriculture were referred to. The hourly costs of machinery were computed, bearing in mind amortization costs, repair costs, as well as the fuel costs for towing vehicles.
Analytical technique
The International Standards for Phytosanitary Measures No 11 list three analytical techniques which can be used to assess the potential economic effects of a pest: partial budgeting, partial equilibrium and general equilibrium models [21] . The differences between these techniques in terms of complexity, resource requirements and scope of analysis are thoroughly discussed by Soliman et al. [10, 11] . Partial budgeting takes into account the additional costs and revenue losses at the producer level. Partial equilibrium models quantify the price effects of changes in the production volumes in addition to further costs and revenue losses at the producer level. Computable general equilibrium models are based on systems of equations that look at the effects of the pest invasion on the whole economy.
Although partial budgeting does not enable consideration of all the possible economic consequences of a pest invasion, and can thus lead to underestimating the economic impact, this technique is rather commonly used in the research [1, [23] [24] [25] . As argued by Soliman at al. [11] , simplicity and transparency are the strength of the partial budgeting method, which, despite its limitations, can be considered the default method of choice for basic economic analysis. Moreover ISPM 11 considers this technique as adequate when the economic effects of the pest are generally limited to the producers [21] , as seems to be the case of D. suzukii's infestation of Trentino. Last but not least, the use of partial budgeting is consistent both with the outcomes of the PRA for D. suzukii [7] and with our approach concerning the range of impacts and type of data.
Results and discussion

Impact before the implementation of an integrated management strategy
In the absence of pest damage limitation, the economic impact is calculated solely by the industry's revenue loss caused by infected and non-marketable produce. In order to evaluate the potential damage in this scenario, the same methodology as in the previous study is adopted [13] , i.e. calculating the weekly percentage of infected samples after grading by a soft fruit marketing co-op on the industry's potential output. Grading data from 2011 is used, the year prior to the implementation of a specific pest management strategy (Table 2) . 
Impact after the implementation of an integrated management strategy
As mentioned previously, the adopted control strategy for D. suzukii includes mass trapping, field sanitation and additional insecticide applications. For each of these elements we first calculated unit costs per hectare, which were then multiplied for the harvested area. The area cultivated with early ripening blueberry cultivars, that are harvested before the pest is active and thus would not need additional control costs [26] , are not taken into account.
After proving their effectiveness as a control method in field experimentations, traps have been distributed by berry co-ops to their associates since 2012. The traps have to be placed around the field borders, at an estimated average of 250 traps per ha, and re-filled every week during the whole harvest period with a food bait named Droskidrink [27] . The re-fill of the traps requires 20 cl of Droskidrink (0.2 D ) and 2 minutes labour. Given a harvest period varying from 5 to 12 weeks, depending on the different cultures, the total yearly cost of mass trapping is calculates on the basis of an average labour cost of 7.5 D /h (Table 3) .
A second component of the D. suzukii control strategy in Trentino is the field clean-up. Any fruit that remains in the crop can be a source for re-infestation by D. suzukii. Therefore every rejected piece of fruit has to be removed from the field and destroyed on a daily basis during harvest. This practice requires additional work that can be estimated at around 1 hour per ha for each harvest day. Total sanitation costs are calculated taking into consideration the different harvest periods for the different varieties of fruit (longer, for instance, for ever bearing strawberries, shorter for June bearing strawberries) and at an average labour cost of 7.5 D /h (Table 4) .
Chemical control is another crucial element of the pest management strategy. For the producers it implies an increase of insecticides and application costs. Specific insecticide treatments for D. suzukii, and their application rates according to the guidelines of the local Extension Service, are evaluated on the basis of market prices ( Table 5) .
The application costs vary according to the type of machinery used. We hypothesized three standard levels of mechanisation and the related hourly costs. On the basis of the different levels of mechanisation of local farms, and the area cultivated by the different types of farm, application costs are evaluated for the whole industry (Table 6 ). Finally, after implementation of the integrated management strategy of D. suzukii, in 2012 and 2013 the damage on fruit production did decrease, but not to zero. In fact, the potential damage amounted to about 1,000,000 Euro (Table 7) , taking into account the average percentage of infected samples in the grading during the two-year period 2012-13.
Conclusions
Assessing the impact of an invasive pest is per se an imprecise task. The present evaluation aims to gauge a conservative estimate, taking into account only the potential revenue losses of the Province of Trento small fruit industry and the associated control costs. Coherently with the Pest Risk Assessment performed by EPPO [7] , no societal externalities are considered. Concerning the indirect trade impacts, the net effect of possible export restrictions and price increase is assumed negligible. The conservative nature of our assessment highlights the fact that the D. suzukii infestation has had a dramatic economic impact on soft fruit production in the Province of Trento. Before the adoption of an integrated management strategy, the potential revenue losses could be quantified at about 13% of the industry's output. After the implementation of an integrated strategy, the sum of revenue losses and associated control costs amounts to about 7% of industry's output (Table 8 ). The adopted strategy seems therefore effective in mitigating the pest's economic impact. Nonetheless the knowledge about D. suzukii's impact and its management would benefit from further analysis encompassing a larger geographical scope and longer time series.
